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Abstract — This research is targeted at locally produced iron (Fe) based arc welding electrodes, using mill 
scales from Ajaokuta Steel Company Limited (ASCL). Mill scale was collected, prepared into pulverized form 
and analyzed using X-ray fluorescence spectrometer machine. The result of the analysis showed predominantly 
(more than 96%) iron, which is an important constituent of iron oxide electrode coatings. The flux compositions 
were generated using Hadamard multivariate chemical model, by which fifteen different flux compositions were 
formulated within given trial ranges of the constituent flux elements. Three of the flux compositions formulated 
were used for the coatings of the electrodes. The percentage compositions of the three different fluxes were 
A(X1=40%, X2=25%, X3=15%, X4=8%, X5=5%, X6=3%, X7=4%), B(X1=43%, X2=25%, X3=10%, X4=10%, 
X5=5%, X6=3%, X7=4%) and C(X1=44%, X2=30%, X3=10%, X4=8%, X5=3%, X6=3%, X7=2%). Where 
Xl=mill scales, X2=sodium silicate, X3=calcium carbonate, X4=manganese dioxide, X5=silica, X6=calcium 
fluoride and X7=feldspar. The elemental composition of the mill scale, using the modern XRF machine shows 
that Fe, Ti and Mn were found to be major constituent elements, with Fe constituting more than 96% of the total 
contents. Other elements such as P, Cu, Ni and Cr were found to be present in traces. Also the elemental 
compositions of the steel core wire used for the research was found to be within the specification of mild steel, 
according to ASTM standard which states the percentage of carbon for mild steel as 0.05 - 0.25%, Manganese 
not to be more than 1.65% while Silicon should not be more than 0.6% 

Keywords —Arc welding, Electrodes, Flux, Iron, Mill Scale. 


I. INTRODUCTION 

Arc welding electrodes play an important role in most 
engineering firm such as fabrication industries. Electrodes 
are usually coated with chemical constituents known as 
flux, which melts along with the core wire during 
welding, to protect the welded joint from oxidation. In 
some situations, alloying elements could be introduced 
into the welding through fluxes to improve some of the 
properties of the parent metals. The importance of flux in 
electrode cannot be overemphasized, as it shielded the 
welding pool from atmospheric oxygen or nitrogen, which 
is detrimental to the strength and chemical/physical 
properties of the welded joints. 

In this work, mill scales from Ajaokuta Steel Company 
Limited (ASCL) was used to formulate flux along with 


other constituents. Hadarmart multivariate matrix was 
adopted in formulating the percentage weight composition 
of each constituent in the flux for producing electrodes. 

H. MATERIALS AND METHODS 
MATERIALS 

The following materials were used in the production of 
the Electrodes: Mild steel wire (3mm diameter), Mill 
scales, Sodium silicate. Calcium carbonate. Manganese 
dioxide. Silica, Calcium fluoride, Leldspar, weighing 
balance, sieve (75 microns aperture), oven, wooden 
mould and spatula. 
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METHODS 

In this research, the Hadamard multivariate analysis was 
adopted. The model as shown in Table 2.1 was used to 
generate different flux compositions. The proposed 
chemical composition range for the coating flux of the 
locally produced electrode is shown in Table 2.2. These 
ranges for the flux formulation process were chosen base 
on trial. 


Table 2.1: Hadamard matrix layout for formulation of the 
flux (Source: Achebo and Ibhadode, 2008) 


Trial 

Xi 

X 2 

X 3 

X4 

Xs 

X 6 

X 7 

1 

+ 

- 

- 

+ 

+ 

- 

+ 

2 

+ 

+ 

- 

- 

- 

+ 

+ 

3 

+ 

+ 

+ 

+ 

- 

- 

- 

4 

- 

+ 

+ 

- 

+ 

- 

+ 

5 

+ 

- 

+ 

- 

+ 

+ 

- 

6 

- 

+ 

- 

+ 

+ 

+ 

- 

7 

- 

- 

+ 

+ 

- 

+ 

+ 

8 

- 

- 

- 

- 

- 

- 

- 


This is a standard table adapted in formulating flux 
compositions. As each of the constituent is confined 
between a trial range of upper and lower value as revealed 
in table 2.2, when filling the matrix table, the lower range 
was entered on the negative column while the upper range 
was entered on the positive column. 


Table 2.2: Proposed chemical composition ranges for flux 
coatings of the locally produced welding electrode 


Constituent elements 

Composition ranges (%) 

Mill scales 

40<X1<50 

Sodium silicate 

25<X2<30 

Calcium carbonate 

10<X3<15 

Manganese dioxide 

8<X4<10 

Silica 

3<X5<5 

Calcium fluoride 

3<X6<5 

Feldspar 

2 <X7<4 


where Xl= Mill scales, X2= Sodium silicate, X3= 
Calcium carbonate, X4= Manganese dioxide, X5= Silica, 
X6= Calcium fluoride and X7= Feldspar. 


These ranges were chosen base on trial for the 
formulation of the flux for this research. During the 
formulation, the lower values were entered on the 


negative boxes and the higher values on the positive 
boxes in table 2.1. 

FLUX COMPOSITION FORMULATION 
PROCEDURE 

Tables 2.3-2.9 show the steps involved in arriving at the 
flux compositions. The composition ranges in Table 2.2 
were used for these steps. The matrices of variables XI, 
X2, X3, X4, X5, X6, X7 were extracted from the 
Hadamard matrix layout Table 1.1 and the composition 
ranges in Table 2.2 were used to fill the matrices of the 
extracted variables bearing in mind that by standard, the 
positive (+) signifies high value and negative (-) signifies 
a low value of the composition ranges. In this case XI is 
being considered first in the formulation process as mill 
scales constitute highest percentage. The other variables 
X2-X7 were filled and XI was left blank in table 2.3. The 
condition of this formulation process required that each 
composition or trial must add up to hundred percent by 
weight. To make a complete composition therefore, the 
variables X2-X7 were added up and the remaining value 
to sum it up to hundred percent by weight were entered in 
the XI column. If the value fell within the range set for 
variable XI as specified in Table 2.2, it was entered in the 
column XI, but if the value was above or below the range, 
it was skipped because it was not within the trial range. 
This procedure was repeated for X2, X3, X4, X5, X6 and 
X7 as shown from Table 2.4 to Table 2.9 All formulated 
flux compositions generated from the procedure is 
tabulated in Table 2.10 and Table 2.11 shows the three (3) 
compositions range selected for this research based on the 
differences in percentage values of the mill scale and 
other constituents. 

Table 2.3: Mill scales, 40-50% of flux composition ranges 
by weight 


Trial 

Xi 

X 2 

X 3 

X 4 

Xs 

X 6 

X 7 

1 

43 

25 

10 

10 

5 

3 

4 

2 

40 

30 

10 

8 

3 

5 

4 

3 

- 

30 

15 

10 

3 

3 

2 

4 

- 

30 

15 

8 

5 

3 

4 

5 

40 

25 

15 

8 

5 

5 

2 

6 

- 

30 

10 

10 

5 

5 

2 

7 

- 

25 

15 

10 

3 

5 

4 

8 

44 

30 

10 

8 

3 

3 

2 
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Table 2.4: Sodium silicate, 25-30% of flux composition 
ranges by weight 


Trial 

Xi 

X 2 

X 3 

X 4 

Xs 

Xs 

X 7 

1 

50 

- 

10 

10 

5 

3 

4 

2 

50 

- 

10 

8 

3 

5 

4 

3 

50 

- 

15 

10 

3 

3 

2 

4 

40 

25 

15 

8 

5 

3 

4 

5 

50 

- 

15 

8 

5 

5 

2 

6 

40 

28 

10 

10 

5 

5 

2 

7 

40 

- 

15 

10 

3 

5 

4 

8 

40 

- 

10 

8 

3 

3 

2 


Table 2.5: Calcium carbonate, 10-15% of flux 
composition ranges by weight 


Trial 

Xi 

X2 

X3 

X4 

Xs 

Xs 

X 7 

1 

50 

25 

- 

10 

5 

3 

4 

2 

50 

30 

- 

8 

3 

5 

4 

3 

50 

30 

- 

10 

3 

3 

2 

4 

40 

30 

10 

8 

5 

3 

4 

5 

50 

25 

- 

8 

5 

5 

2 

6 

40 

30 

- 

10 

5 

5 

2 

7 

40 

25 

13 

10 

3 

5 

4 

8 

40 

30 

14 

8 

3 

3 

2 


Table 2.6: Manganese dioxide, 8-10% of flux composition 
ranges by weight 


Trial 

Xi 

X2 

X 3 

X 4 

Xs 

Xs 

X 7 

1 

50 

25 

10 

- 

5 

3 

4 

2 

50 

30 

10 

- 

3 

5 

4 

3 

50 

30 

15 

- 

3 

3 

2 

4 

40 

30 

15 

- 

5 

3 

4 

5 

50 

25 

15 

- 

5 

5 

2 

6 

40 

30 

10 

8 

5 

5 

2 

7 

40 

25 

15 

8 

3 

5 

4 

8 

40 

30 

10 

- 

3 

3 

2 


Table 2.7: Silica, 3-5% of flux composition ranges by 
weight 


Trial 

Xi 

X2 

X 3 

X 4 

Xs 

Xs 

X 7 

1 

50 

25 

10 

10 

- 

3 

4 

2 

50 

30 

10 

8 

- 

5 

4 

3 

50 

30 

15 

10 

- 

3 

2 

4 

40 

30 

15 

8 

- 

3 

4 

5 

50 

25 

15 

8 

- 

5 

2 

6 

40 

30 

10 

10 

3 

5 

2 

7 

40 

25 

15 

10 

- 

5 

4 

8 

40 

30 

10 

8 

- 

3 

2 


Table 2.8: Calcium fluoride, 3-5% of flux composition 
ranges by weight 


Trial 

Xi 

X2 

X 3 

X 4 

Xs 

Xs 

X 7 

1 

50 

25 

10 

10 

5 

- 

4 

2 

50 

30 

10 

8 

3 

- 

4 

3 

50 

30 

15 

10 

3 

- 

2 

4 

40 

30 

15 

8 

5 

- 

4 

5 

50 

25 

15 

8 

5 

- 

2 

6 

40 

30 

10 

10 

5 

3 

2 

7 

40 

25 

15 

10 

3 

3 

4 

8 

40 

30 

10 

8 

3 

- 

2 


Table 2.9: Feldspar, 2-4% of flux composition ranges by 
weight 


Trial 

Xi 

X2 

X 3 

X 4 

Xs 

Xs 

X 7 

1 

50 

25 

10 

10 

5 

3 

- 

2 

50 

30 

10 

8 

3 

5 

- 

3 

50 

30 

15 

10 

3 

3 

- 

4 

40 

30 

15 

8 

5 

3 

- 

5 

50 

25 

15 

8 

5 

5 

- 

6 

40 

30 

10 

10 

5 

5 

- 

7 

40 

25 

15 

10 

3 

5 

2 

8 

40 

30 

10 

8 

3 

3 

- 
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Table 2.10: Some formulated sample flux compositions in 
(%) weight 


S/N 

Xi 

X 2 

X 3 

X4 

Xs 

X 6 

X 7 

1 

40 

30 

10 

8 

3 

5 

4 

2 

40 

25 

15 

8 

5 

5 

2 

3 

40 

25 

15 

8 

5 

3 

4 

4 

40 

30 

10 

8 

5 

3 

4 

5 

40 

30 

10 

8 

5 

5 

2 

6 

40 

30 

10 

10 

3 

5 

2 

7 

40 

30 

10 

10 

5 

3 

2 

8 

40 

25 

15 

10 

3 

5 

2 

9 

40 

25 

15 

10 

3 

3 

4 

10 

40 

25 

15 

8 

3 

5 

4 

11 

40 

25 

13 

10 

3 

5 

4 

12 

40 

30 

14 

8 

3 

3 

2 

13 

40 

28 

10 

10 

5 

5 

2 

14 

43 

25 

10 

10 

5 

3 

4 

15 

44 

30 

10 

8 

3 

3 

2 


Table 2.11: Flux compositions (%) used in production of 
sample electrodes 


S/N 

Xi 

X 2 

X 3 

X 4 

Xs 

X 6 

X 7 

1 

40 

25 

15 

8 

5 

3 

4 

2 

43 

25 

10 

10 

5 

3 

4 

3 

44 

30 

10 

8 

3 

3 

2 


PRODUCTION PROCESS OF THE ELECTRODES 

Each of the formulating minerals, mill scales, calcium 
carbonate, manganese dioxide, silica, calcium fluoride 
and feldspar were sieved with a 75pm aperture sieve so as 
to ensure uniformity of particle size for effecting coating 
onto the core wire. Thereafter, the minerals were weighed 
in proportions indicated in Table 2.11 and mixed 
thoroughly for about 15 minutes until a homogenous 
mixture was obtained. A measured quantity of sodium 
silicate was added to the homogenous dry compound and 
thoroughly mixed for another 5 minutes until a thick paste 
was formed. The 3mm mild steel core wire was 


thoroughly polished using silicon carbide grit paper to 
remove rust and impurities. The thick paste was then 
deposited on the groove of the mould which was of same 
size as the electrode to be produced. A core wire was then 
dipped in the paste in the groove. The core wire was left 
in the paste for 5 minutes to enable sticking of about 2mm 
of the paste to the core wire. The core wire coated with 
the flux paste was then removed from the groove and a 
spatula was used to smoothen the coatings, to achieve a 
better finishing surface of the electrode. The electrodes 
were left in the atmosphere (at room temperature) for 5 
minutes for curing. Hence, the electrode formed was dried 
at a well regulated temperature of 600C in an oven for an 
hour. The drying process was done so as to eliminate the 
moisture content of the electrode coating, and while 
drying the electrodes in the oven, adequate care was taken 
not to overheat it to prevent cracking of the coating. After 
an hour the electrodes were removed from the oven. 


III. RESULT AND DISCUSSION 
RESULTS 

The results obtained from each test conducted during the 
investigation are presented in tables. Table 3.1 (i) present 
the percentage chemical composition of the mill scale as 
obtained from the XRF analysis. Similarly, Table 3.1 (ii) 
shows the percentage chemical composition of the core 
wire and the mild steel plate as received. 


Table 3.1(i): Percentage Chemical Composition of the 
Mill Scales Using XRF Analysis 


Elemen 

t 

O 

P 

Ti 

Cr 

Mn 

Fe 

Ni 

Cu 

As 

s 

n 

Compos 

0.00 

0.0 

1.3 

0.09 

1.18 

96.9 

0.0 

0.3 

0.0 

0 . 

ition 

62 

05 

20 

86 

26 

362 

69 

23 

08 

0 

(%) 


4 

8 




2 


3 

3 











9 











9 


Table 3.1(H): Percentage Chemical Composition of the 
Mild Steel Core Wire 


Eleme 

c 

Si 

Mn 

P 

S 

Cr 

Ni 

Fe 

nt 

% 

% 

% 

% 

% 

% 

% 

% 

Core 

0.12 

0.04 

0.54 

- 

0.05 

0.03 

0.01 

88.0 

wire 

0 

0 

1 


1 

0 

6 

65 
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DISCUSSIONS 

The elemental composition of the mill scale, using the 
modern XRF machine was presented in Table 3.1(i). It 
could be observed that Fe, Ti and Mn were found to be 
major constituent elements, with Fe constituting more 
than 96% of the total contents. Ferrite (Fe) being the 
major constituent in high iron oxide electrode covering 
(Davies, 2008), suggests that mill scales obtained from 
ASCL can be used in electrode production. Other 
elements such as P, Cu, Ni and Cr were found to be 
present in traces. Table 3.1(ii) also presented the 
elemental compositions of the steel core wire used for the 
research. It was found to be within the specification of 
mild steel, according to ASTM standard which states the 
percentage of carbon for mild steel as 0.05 - 0.25%, 
Manganese not to be more than 1.65% while Silicon 
should not be more than 0.6%. 


IY. CONCLUSION 

In this research, iron based arc welding electrodes were 
produced using mill scales (an industrial waste). The 
analyzed mill scales from ASCL showed the presence of 
predominantly iron. Iron oxide is one of the important 
constituents of covering on high iron oxide electrode 
coatings. Therefore, mill scales from ASCL can be used 
in the production of iron oxide electrodes for welding. 


V. RECOMMENDATION 
Mechanized production process, such as extrusion, should 
be adopted so as to have electrodes with smooth 
appearance, and to increase efficiency and productivity. 

Future research should be carried out on the performance 
evaluation of the electrodes produced from mill Scale 
based flux sourced from Ajaokuta Steel Company 
Limited in Nigeria. The produced electrodes thus should 
be used to weld and its welded part be tested for some 
mechanical properties such as tensile strength, hardness 
strength and microstructural analysis to ascertain its use 
for industrial applications. 


APPENDIX 



Plate I: Materials used for the production of electrodes 



Plate II: Weighing balance at the Civil Engineering Lab 
(FUT, Minna) 



Plate III: Oven used for curing of the produced electrodes 
at Civil Engineering Lab. (FUT, Minna) 
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Plate IV: Mild steel core dipped in the mill scale paste in 
the mould groove 



Plate V: Produced welding electrodes prior to curing in 
the oven 
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